In this paper, we will discuss the resource of entanglement: specifically, bipartite pure state entanglement. This sort of entanglement was proposed as asymptotically fungible (and thus a resource) by Bennett, Bernstein, Popescu and Schumacher (BBPS) [l]. If I$)AB is a bipartite pure state with entropy of entanglement E = S('I'r~l$) ($l) and I@) is the singlet state h(l01) -IlO)), BBPS explained how to approximately convert I@) into IQ)" and back again, using local operations and classical communication (LOCC) only. The transformations, known as entanglement concentration and dilution, are only asymptotically reversible; in each direction we accept some inefficiency (so that instead of converting I@)"E to we need to start with I @) "EC"' ") ) and a small error We prove two lemmas on the way to this result. First, we show that any LOCC entanglement manipulation protocol can be reduced t o a simpler protocol with no increase in the communication cost. The new protocol consists of the following steps: a generalized measurement by Alice, transmission of the complete measurement outcome to Bob, a unitary operation by Bob conditioned on the measurement and then discarding of ancillas on both sides. Moreover the modified protocol uses the same amount of classical communication as the original protocol. This extends the result of [4], which showed a similar protocol reduction but did not bound the amount of classical communication required in the modified protocol.
IQ)" and back again, using local operations and classical communication (LOCC) only. The transformations, known as entanglement concentration and dilution, are only asymptotically reversible; in each direction we accept some inefficiency (so that instead of converting I@)"E to we need to start with I @) "EC"' ") ) and a small error The second lemma relates to the spectra of states of the form p@". We show that for any U x p B n , the ratio of the largest eigenvalue to the smallest eigenvalue of n is It is the logarithm of this ratio that will give rise to the fundamental constraint-that the inefficiency and classical communication cost of entanglement dilution have lower bounds of a( f i ) .
For our proof, it is useful to define the 6-significant subspace of a density matrix p to be the smallest subspace that contains at least 6 of the weight of p for some 0(1) constant 6. In constrast, a typical subspace usually contains most (i.e. 1 -o( 1)) of the weight of p . We then establish our lower bounds in terms of the ratio of a typical subspace to a significant subspace, which is again After reducing any entanglement dilution procedure to a standard form and establishing our results about significant subspaces, the only remaining challenge is to account for the effects of discarding ancilla systems on both sides.
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